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"INTRODUCTION.

The systemic treatment of breast cancer has been hampered by the eventual emergence of drug-
resistant populations, in spite of initial responses in the majority of patients. In addition to
anthracyclines, alkylating agents, flouropyrimidines and other antimetabolites, in the past 5 years the
taxanes have emerged as drugs with major antitumor activity both in the absence and the presence of
previous treatment. Since paclitaxel is an excellent substrate of the Pgp-efflux pump encoded by the
multidrug resistance gene MDRI1 and its role in breast cancer treatment is undergoing extensive
evaluation, trials with this drug represented an excellent opportunity to delineate the importance of this
drug-resistance mechanism in this disease. Therefore, the grant was structured to focus on
determinations of Pgp before and after treatment with anthracycline-containing regimens, and on clinical
trials of paclitaxel with drugs known to reverse Pgp action and restore sensitivity. These MDR1-reversal
drugs have included calcium-channel blockers, steroid hormone-related derivatives, cyclosporins, and a
number of other drug classes. The four tasks of the grant included 1) delineating the distribution of Pgp
in various subsets of patients with breast cancer (premenopausal, postmenopausal, stage related,
hormone receptor related, 2) developing a paclitaxel plus a resistance reversal drug regimen in the
treatment of advanced breast cancer, 3) performing a randomized clinical trial to assess the strategy of
adding a multidrug resistance reversal to paclitaxel, and 4) investigating new methods to identify and
reverse multidrug resistance.

The identification of the circumstances surrounding the occurrence of multidrug resistance in
breast cancer has become even more important since the grant funding began in October 1994. Two of
the drug classes that are key components in the current systematic treatment of breast cancer, the taxanes
and the anthracyclines have been the focus of much clinical work, both in the adjuvant and in the
advanced disease setting. Cooperative group trials are investigating adjuvant doxurubin as sequentially
versus combined with cyclophosphamide in high risk patients with O to 3 lymph nodes involved
(SWOG-9313), or in arms with escalating doses, with or without paclitaxel for node positive disease
(SWOG-9410, intergroup study). In advanced breast cancer, combinations of doxorubicin and paclitaxel
are being compared to either drug alone (Intergroup study, coordinator Dr. George Sledge). While
awaiting the results of this study, pilot studies have indicated not only striking activity, but also the
likelihood of pharmacokinetic interactions between the two drugs with the potential of leading to higher
AUCs of both doxorubicin and its metabolite, doxorubicinol. Presumably, in part related to this
interaction, a propensity to enhanced cardiotoxicity has been described (1-2). The pharmacokinetic
interactions are likely to occur because both doxorubicin and paclitaxel are excellent substrates for
MDRI1-P-glycoprotein (Pgp). In the development of future therapeutic strategies it is highly desirable
that the circumstances surrounding the expression of MDR1 in these cancers be well characterized.

During the grant period there have been some administrative changes in the conduct of the research
effort. Dr. Franco Muggia, Principal Investigator during years 01 - 03, accepted a position at New York
University (NYU) and suggested that the co-Investigator of the grant, Dr. Michael Press, become the
Principal Investigator during the remaining grant period. Dr. Muggia’s clinical investigations related to
this grant would continue at NYU under a subcontract from the University of Southern California (USC)
to complete the clinical investigations. Prior to leaving USC to become director of NYU Breast Cancer
Research Program, Dr. Muggia held a series of meetings with participants in this research effort,
including the current principal investigator, Michael Press, personnel involved in the laboratory studies
(Dr. Xiaowei Yang), personnel involved in the randomized clinical study that was undergoing final
changes prior to activation and submission to the U.S. Army Medical Research and Materiel Command’s
Human Use Office (Dr. Darcy Spicer, and Dr. Susan Groshen, biostatistician in the project). The
purpose of these meetings was to review research progress and expedite an orderly transition in the
administration of these on-going investigations.
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"EXPERIMENTAL METHODS AND PROCEDURES.

Our progress during the period of funding is summarized below. The report covers work
conducted in the laboratory component of the study to characterize expression of the multi-drug
resistance gene (MDR-I) and other genes as potential predictors of responsiveness to taxol
chemotherapy. '

Laboratory Studies.

Multi-Drug Resistance Gene 1 Expression. P-glycoprotein (Pgp)-associated multidrug resistance
(MDR) is related to intrinsic and acquired cross resistance to anthracyclines, vinca alkaloids and other
antineoplastic antibiotics. Expression of MDRI is widely considered to play an important role in
conferring resistance to adjuvant chemotherapy in women with breast tumor cells in women with
disseminated disease, although data supporting this view is, at best, conflicting. The expression of
MDRI gene and its gene product, P-glycoprotein, was investigated in primary and advanced breast
cancers to assess the role of P-glycoprotein in determining responsiveness to adjuvant chemotherapy.
Expression was assessed by immunohistochemistry, reverse transcription-polymerase chain reaction
(RT-PCR), Northern Blot and Western Blot. MDRI mRNA was detected in forty percent of the breast
cancers tested by RT-PCR with 40 cycles of PCR amplification. When reducing the PCR amplification
cycles to 28, the MDRI gene expression signal disappeared from breast cancers of the highest
expressers, however, known MDRI positive control normal tissues, such as adrenal, kidney, and liver
continued to show an expression product. Western and Northern: blots failed to demonstrate the MDRI
gene product, P-glycoprotein, in these breast cancers. In contrast, physiological levels of P-glycoprotein
was clearly detected in normal adrenal, kidney and liver by these techniques. Immunohistochemistry
confirmed that breast carcinoma cells lacked P-gycoprotein expression; however, interstitial mononuclear
cells, morphologically consistent with lymphocytes or macrohpages did show immunostaining in some
of these breast tumors. MDRI gene expression identified by RT-PCR was not correlated either with
response to paclitaxel therapy (29 patients evaluable, P=0.34, Fisher’s exact test) or overall survival (32
breast cancer patients with clinical follow-up information, P=0.336, logrank). In conclusion, P-
glycoprotein was not expressed in breast carcinoma cells at significant levels although it was expressed in
stomal lymphocytes or macrophages. These results suggest that P-glycoprotein does not play a
significant role in multidrug resistance of breast cancer. The findings have been accepted for publication
in Laboratory Investigation (Yang et al., 1999).

Other Genes. We decided that there was a need to explore other mechanisms of drug resistance in
order to evaluate the manner in which cancer cells become resistant to drugs. Because of our access to
the tissue resource provided by the clinical trials funded by this grant we were able to begin pilot studies
of other genes which might be correlated with cytotoxic drug resistance in breast cancer. The genes
initially investigated were the p53 tumor suppressor gene, a small molecular weight protein (p7) which is
overexpressed in human drug-resistant breast and ovarian cancer cell lines and HER-2/neu oncogene.

P53 TUMOR SUPPRESSOR. Analysis of p53 tumor suppressor gene overexpression was
analyzed by immunohistochemistry in breast cancers from women entered in the clinical trial of paclitaxel
treatment for advanced breast cancer (protocol no. 1B-92-3) (48 patients). Breast tumor tissue was
available from forty specimens for analysis of p53. Seventeen of the 40 (43%) breast carcinomas
showed p53 overexpression. p53 overexpression in the breast carcinoma cells did not show a
correlation with overall survival of the women (p = 0.31) or responsiveness to treatment (p = 0.86) (see
Table below for comparison with HER-2/neu ).

ANALYSIS OF P7 EXPRESSION. P7 was initially discovered in ovarian carcinoma cell lines
following exposure to vinblastine or adriamycin treatment in vitro (3-6). A similar cell line expressing
high levels of p7 was obtained with MCF-7 human breast cancer cells following treatment with
doxorubicin and vinblastine chemotherapeutics. The expression of p7 was preliminarily investigated in
three groups of women with breast cancer: 1.) frozen primary breast cancers from the USC Breast
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Tumor and Tissue Bank and obtained from women with known clinical follow-up histories (25 patients),
2.) women entered in a clinical trial of 5-fluorouracil and radiation therapy for locally advanced breast
cancer (protocol no. 1B-93-3) (38 patients) and 3.) breast cancers from women prior to entry in a clinical
trial of paclitaxel treatment for advanced breast cancer (protocol no. 1B-92-3) (48 patients).

P7 expression in breast cancer specimens. Among primary, untreated breast cancers p7 was
expressed in six of 25 carcinomas (24%) by immunohistochemistry with 1D7 monoclonal antibody. P7
was localized to the cell membrane and cytoplasm of tumor cells. No immunostaining was found in
normal breast ductal or lobular epithelium, stromal cells, endothelial cells of blood vessels, lymphocytes
or macrophages. In this small cohort of cases p7 expression was not related to histologic grade, tumor
size, lymph node involvement, presence of distant metastases at diagnosis, estrogen receptor status,
HER-2/neu oncogene expression or P53 tumor suppressor protein expression. p7 was correlated with
stage, however this did not reach statistical significance (p = 0.08) probably because of the small number
of cases in this preliminary study. p7 was correlated with expression of progesterone receptor (p =
0.035) and recurrent disease during follow-up (p = 0.003) (see Table). These preliminary results
appeared to merit additional studies.

Is P7 a prognostic marker and/or as a predictor of responsiveness to conventional therapies in
breast cancer? P7 expression was evaluated in 38 women who accrued to an institutional multimodality
protocol of continuous infusion 5-fluorouracil (FU) and concomitant radiation therapy for potentially
resectable, locally advanced breast cancer. In this experimental protocol, biopsy of breast carcinomas
was performed prior to neoadjuvant therapy and resection of the mass was performed after therapy.
Neoadjuvant treatment involved pre-operative 5-FU (200mg/m®) administration followed by a second
incisional biopsy of the remaining breast tumor and then radiotherapy (50 Gy) to the breast and regional
lymph nodes followed, finally, by resection of the remaining breast tumor mass. In these women P7
expression was increased following 5-FU treatment and radiation therapy. Overall, expression of P7
protein was increased from 21% of cases showing P7 expression to 44% after 5-FU and radiation
therapy treatments. Only one breast cancer which had expression of P7 in less than 5% of tumor cells
showed a loss of expression following treatment. The change in expression approached statistical
significance (p = 0.06) even though the number of cases evaluated was small.
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Table 1. Association of p7 Expression with Other Prognostic Factors.

Patient group No. of patients  No of P7 positive case (%) P value’
Total 25 6 (24)
Age
<50 yr 10 3(30) 0.566
>50 yr 15 3 (20)
Tumor size
<3cm 6 1(17) 1
>3 cm 19 5(26)
Histologic grade
1-2 8 2 (25) 1
3 17 4 (24)
Stage
T1/T2 15 1(7) 0.08
T3/T4 7 3 (43)
Unknown 3
Regional node involvement
positive 16 5@31) 0.62
negative 8 1(13)
Unknown 1
Distant metastasis
positive 16 5@31) 0.13
negative 8 1(13)
Unknown 1
ER status
positive 9 3(33) 0.27
negative 12 1(8)
Unknown 4
PR status
positive 10 4 (40) 0.035
negative 11 00
Unknown 4
P53
positive 5 2 (40) 0.54
negative 12 27
Unknown 8
HER-2/neu
positive 8 1(13) 0.59
negative 10 3 (30)
Unknown 7

Clinical outcome?®
AWD 11 6 (55) 0.003

NED 14 0 (0)

'Fisher’s Exact Test (2-Tail).
2AWD: Alive with disease; NED: No evidence of disease.

p7 expression was also characterized in our study of tumor markers as predictors of responsiveness
to taxol chemotherapy, clinical trial (1B-92-3). We found a significant correlation between p7 expression
in these breast cancer and both overall survival and responsiveness to treatment. After a median follow-
up of 7 months, 9 of 9 patients (100%) whose breast cancers expressed p7 died from tumor progression,
compared with 23 of 40 patients (55.7%) whose breast cancer did not express p7 (p = 0.017).




Principal Investigator (Last, first, middle): Press, Michael F.

Among 37 patients, evaluable for response, there were four complete responders (CRs) (10.9%)
and 11 partial responders (PRs) (32.4%), for an overall response rate of 43.3%. p53 expression was
also investigated but in these cases but only P7 protein was significantly correlated with the response of
advanced breast cancer patients to paclitaxal therapy (P=0.032). Fourteen of the 15 patients (93%)
lacking P7 expression were responders to paclitaxol treatment whereas only 9 of 22 (40.9%) with P7
expression responded.

Our preliminary studies in different cohorts of breast cancer patients, suggested that P7 protein
might have clinical utility for predicting tumor progression and response to neoadjuvant therapy.

HER-2/neu AS A PREDICTOR OF RESPONSIVENESS TO PACLITAXEL
CHEMOTHERAPY. The potential association of molecular genetic alterations with responsiveness to
paclitaxel chemotherapy was evaluated in a pilot study of 40 women with metastatic breast carcinoma.
All participants in the paclitaxel clinical trial had disseminated breast carcinoma and consented to a pre-
treatment tissue biopsy to confirm the diagnosis and to provide tissue for analysis of molecular genetic
alterations. HER-2/neu was analyzed in this cohort and the preliminary findings are summarized below.
HER-2/neu oncoprotein was evaluated by immunohistochemistry according to methods described
elsewhere in detail (Yang et al., 1999).

In our pilot study the 17 women whose metastatic breast carcinoma showed HER-2/neu
overexpression had a longer overall survival than the 23 women whose metastatic breast carcinoma
lacked HER-2/neu .

Summary of the Association of HER-2/neu and P53 with Survival in Women
with Metastatic Breast Cancer Treated with Taxol Chemotherapy.

Number Relative Risk p-value

P53-negative 23 1.00
0.31

P53-positive 17 1.44

HER-2/neu low expression 23 1.89
0.07

HER-2/neu overexpression 17 1.00

The improved survival among women whose metastatic breast carcinoma bad HER-2/neu
overexpression is paradoxical. Since HER-2/neu overexpression is associated with a worse clinical
outcome in both node-negative and node-positive breast cancer, it would have been considered
promising if the HER-2/neu overexpressing breast cancers had had a survival probability similar to that
of the HER-2/neu low expression group. However, the women with this poor prognostic marker
(HER-2/neu overexpression) actually had a higher probability of survival after paclitaxel chemotherapy
which was apparent within the first 10 months after treatment (see Figure below). In the small number
of cases characterized this did not achieve statistical significance (p = 0.07) but did show a strong trend.
The survival curves of women with and without HER-2/neu overexpression were clearly separated
throughout the study period, an indication that the results are likely to achieve significance with a larger
sample size. We expect to be able to resolve this issue in the near future with analysis of more patients
entered in the trial.
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Clinical Studies.

Protocol #1B-93-8. This clinical study, previously approved by U.S. Army Medical Research and
Materiel Command’s Human Use Office, was closed for accrual in January 1997. The protocol accrued
eight patients into the study, with the last patient being accrued in February 1996, and going off study in
May 1996. Table 1 provides the outcome of these patients and comments on their course. In common to
many other investigators, the major problems encountered in treating patients in this protocol, were
practical issues in relation to continuos infusion paclitaxel exceeding 24 hours. Patients 1 and 4
manifested several episodes of catheter sepsis, and patient 2 went off study because of catheter fracture,
and eventually had a chest wall abscess in relation to a retained catheter fragment. This experience led us
to explore and develop a protocol to test resistance-reversal strategies employing short-infusion
paclitaxel, since a randomized trial employing infusions was not likely to be feasible.

Table 1. Patient demographics and outcome (protocol #1B-93-8)

Patient Number On Study (months) Response/Evaluability Comments

1 5 Stable soft tissue catheter sepsis

2 16 Stable bone/imp marker catheter fracture

3 2 Refused therapy/NE

4 5 partial response/lung catheter sepsis

5 2 Refused therapy/NE

6 6 Partial response/skin

7 1 skin progression/NE started other therapy

8 3 stable skin started other therapy
NE=not evaluable

The slow accrual in this study was partly related to changes in the way paclitaxel was usually
administered from infusions to short (1 to 3 hours infusions), and partly due to the reluctance in placing
central venous catheters in patients at the Los Angeles County Hospital when the episodes of catheter
sepsis first became manifest. Possible factors in the high incidence of infections may include the
insolubility of paclitaxel leading to not infrequent visible particulate matter, and the predisposition to have
some neutropenia. No toxicity was clearly attributable to the high doses of magestrol acetate given by
suspension over 6 days. Patient #2, in fact, tolerated the intermittent doses on the drug without the usual
weight gain that is seen with this drug. Also, no thromboembolic phenomena were evident. It is

10
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noteworthy that two objective responses and one long improvement in bone disease and markers were
seen among 5 evaluable patients, inpatients who had already paclitaxel and had shown progressive
disease on this drug. This might be related to schedule and not necessarily to resistance reversal since
Seidman et al. did report responses to paclitaxel by 96 h infusions, following failure of shorter
infusions. However, in ovarian cancer long infusions were ineffective after failure of the shorter
schedules (Markman M, personal communications). After the last two patients opted to terminate
treatment early, it was decide to close the protocol as it would never lead to a practical, randomized

clinical study.

Protocol #1B-95-4. When it became evident that the long term infusion protocol was impractical,
we initiated efforts to select a resistance reversal agent that could be given with a short infusion of
paclitaxel. Also, we considered practical issues of great importance if one were to be able to mount a
randomized study of paclitaxel with and without a resistance reversal agent. We selected PSC-833 as the
most promising agent to reverse MDR1, and were successful in obtaining the drug from Sandoz, now
Novartis. The protocol underwent several drafts in order to comply with their requirements and seek
collaborations with the City of Hope, UC Davis, and Bayside Hospital in Toronto. Except for the City
of Hope, others remain to work out their protocols. In the meantime, the rationale for the study changed
somewhat from aiming to reverse drug resistance, to perhaps inhibit the emergence of MDR. This new
rationale is based on the findings by the laboratory of Braninmir Sikic (Beketic-Oreskovic, et al. INCI
1995; 87:1593-1602) that PSC-833 can inhibit the emergence of MDR in cell lines exposed to
doxurubicin, with mutants eventually emerging but the decreased topoisomerase II-alpha rather than

MDRI.

Seventeen patients have been accrued to this study as summarized in the attached table. Ten
subjects have entered arm 2 (Paclitaxel + PSC833) and 7 subjects on arm 1 (Paclitaxel alone).
Preliminary evaluation of response indicates 4 partial responses, 2 in each arm. The median time on
study is 133 days, and 5 subjects continue on study.

No. On-study Date Off-study Date  Study Site  On-study Days Arm _ Response Comments

1 8/19/96 COH 414 2

2 12/10/96 02/12/97 COH 64 1

3 8/13/97 COH 55 2

4 8/18/97 COH 50 2

5 8/22/96 06/20/97 USC 302 1 PR

6 10/9/96 10/11/96 USC 2 1 Inevaluable
7 10/29/96 09/04/97 USC 310 1

8 11/12/96 12/23/96 USC 41 2

9 12/10/96 02/25/97 USC 77 1
10 12/16/96 03/17/97 USC 91 2

11 1/3/97 08/11/97 USC 220 1

12 1/17/97 04/17/97 USC 90 2

13 1/21/97 07/02/97 USC 162 2 PR

14 3/3/97 USC 218 2 PR

15 3/10/97 06/03/97 USC 85 1 PR

16 4/30/97 05/21/97 USC 21 2 Inevaluable
17 8/12/97 USC 56 2

The study, submitted to the U.S. Army Medical Research and Materiel Command’s Human Use
Office, has gone through additional revisions to increase accrual since there is considerable competition
for patients. The current format is one of a randomized phase II study, and the major objective is to
verify response rates. If feasible, biopsy material will seek to identify baseline tumor characteristics with
respect to MDR1, and also whether treatment with paclitaxel leads to MDR1 overexpression. The last
question is also being addressed in specimens obtained from other trials using paclitaxel.

11
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Other related clinical studies. Investigators at USC (Dr. Silvia Formenti) and New York
University (NYU, Drs. Franco Muggia and Matthew Volm) are collaborating in a study of neoadjuvant
paclitaxel for locally advanced breast cancer, under grant support from the California Breast Cancer
research Program. NYU has recruited 11 patients into this study and has stored specimens, being
batched for subsequent determinations in the laboratory of Dr. Michael Press. Some specimens were
sent earlier, but technical difficulties prompted storage of the specimens until they can be safely sent.
Among the specimens, we have post treatment samples that will allow us to answer the question about
the presence of P-glycoprotein after treatment with paclitaxel. Also, through collaboration with Dr.
Sikic’s laboratory we plan to assess the presence of beta-tubulin isoforms that are considered to predict
for paclitaxel sensitivity.

Finally, at NYU, work with the Nuclear Medicine Department (Dr. Elissa Kramer) has permitted
the measurement of 99Tecnetium sestamibi clearances. Fast clearances have been related to the presence
of P-glycoprotein, but may also reflect the function of other ATP binding cassette proteins, such as
MRP. The study of such clearance is associated with assessment of P-glycoprotein, MRP, and other
markers of resistance may prove of interest, particularly since earlier studies have claimed a correlation of
altered clearances with response to treatment with anthracyclines in breast cancer.

CONCLUSIONS.

Taxol chemotherapy was effective in prolonging the survival of some patients in the clinical trial,
however, neither P-glycoprotein nor p53 expression in the breast cancer specimens was significantly
correlated with responsiveness to drug treatment. A recently described small molecular weight protein,
p7, was correlated with responsiveness to treatment and longer overall survival suggesting that this
protein merits further investigation in our breast cancer clinical trials. HER-2/neu overexpression did
show a correlation with responsiveness to paclitaxel chemotherapy.
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SUMMARY: P-glycoprotein (Pgp)-associated multidrug resistance (MDR) is related to intrinsic and acquired cross resistance to
anthracyclines, vinca alkaloids, and other antineoplastic antibiotics. Expression of MDR1 is widely considered to play an
important role in conferring resistance to adjuvant chemotherapy in women with breast tumor cells in women with disseminated
disease, although data supporting this view is, at best, conflicting. The expression of MDRT gene and its gene product,
P-glycoprotein, was investigated in primary and advanced breast cancersLto assess the role of P-glycoprotein in determining
responsiveness to adjuvant chemotherapy. Expression was assessed by immunohistochemistry, reverse transcription-PCR
(RT-PCR), Northern Blot and Western Biot. MDR1 mRNA was detected in 40% of the breast cancers tested by RT-PCR with 40
cycles of PCR amplification. When reducing the PCR amplification cycles to 28, the MDR1 gene expression signal disappeared
from breast cancers of the highest expressers; however, known MDR1 positive control normal tissues, such as adrenal, kidney,
and liver continued to show an expression product. Western and Northern blots failed to demonstrate the MDR7 gene product,
P-glycoprotein, in these breast cancers. In contrast, physiologic levels of P-glycoprotein was clearly detected in normal adrenal,
kidney, and liver by these techniques. immunohistochemistry confirmed that breast carcinoma cells lacked P-glycoprotein
expression; however, interstitial mononuclear cells, morphologically consistent with lymphocytes or macrophages did show
immunostaining in some of these breast tumors. MDR1 gene expression identified by RT-PCR was not correlated either with

response to paclitaxel therapy (29 patients able to be evaluate

d, p = 0.34, Fisher Exact Test) or overall survival (32 breast cancer

patients with clinical follow-up information, p = 0.336, log rank). In conclusion, P-glycoprotein was not expressed in breast
carcinoma cells at significant levels, aithough it was expressed in stomal lymphocytes or macrophages. These results suggest
that P-glycoprotein does not play a significant role in multidrug resistance of breast cancer. (Lab Invest 1999, 79:1-000).

R esistance to multiple chemotherapeutic agents is
a common problem after treatment of breast
cancer patients with standard cytotoxic chemother-
apy regimens. The conventional wisdom is that drug
resistance predominantly is due to drug efflux mech-
anisms, especially P-glycoprotein. P-glycoprotein de-
creases intracellular concentrations of cytotoxic drugs
such as anthracyclines, vinca alkaloids, epipodophyl-
lotoxins, and paclitaxel in in vitro model systems by
pumping these agents out of tumor cells against a
concentration gradient and, therefore, has been con-
sidered to be a major factor in clinical multidrug
resistance observed in a wide variety of human can-
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cers including breast cancer (Biedler and Riehn, 1970;
Endicott and Ling, 1989; Kane et al, 1990).

The P-glycoprotein gene, MDR1, has been cloned
and sequenced (Chen et al, 1986). Overexpression of
P-glycoprotein is generally mediated by elevated lev-
els of MDRT mRNA with or without concomitant
amplification of the MDRT gene. The degree of MDR1
gene expression and P-glycoprotein production cor-
relates with the degree of drug resistance in it vitro
mode! systems (Bradley et al, 1989; Kartner et al,
1983). This has been demonstrated both with cell lines
grown in different concentrations of cytotoxic drug
during stepwise selection and with revertant cell lines
that have lost expression of P-glycoprotein and
become more susceptible to the drug (Ling et al,
1983; Yang and Page, 1996). MDR1 mRNA and
P-glycoprotein is normally found in the adrenal gland,
liver (bile canaliculi), kidney (proximal convoluted tu-
bules), and colon and jejunum (apical brush border of
epithelial cells) where it plays a role in excreting
various biological toxins (Fojo et al, 1987; Sugawara et
al, 1988). Several kinds of cancer, including acute
lymphoblastic leukemia (Brophy et al, 1994), acute
myelogenous leukemia (Leith et al, 1995; Marie et al,
1991; Pirker et al, 1991), neuroblastoma (Chan et al,
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1991), and pediatric soft-tissue sarcomas (Chan et al,
1990), have been shown to express P-glycoprotein.
However, published reports provide conflicting infor-
mation regarding the expression of P-glycoprotein in
human breast carcinomas, and it is unclear whether
P-glycoprotein plays a significant role in the drug
resistance observed in breast cancer patients. The
current study was carried out to assess MDR1-gene—
-and MDR1 gene expression in human breast cancers
and to evaluate expression as a predictor of respon-
siveness to paclitaxel chemotherapy.

Results

A total of 112 breast cancer specimens were analyzed
in this investigation (Table 1). However, because of
limited tissue sample size only representative samples
were analyzed by RT-PCR and Northem hybridization
and immunoblot for gene expression. Of the 112
specimens, 106 specimens in the entire cohort were
analyzed by immunohistochemistry. Six cases from

the metastatic breast cancer specimens were ana- -

lyzed only by RT-PCR (Table 2).

Testing of P-Glycoprotein Antibodies

Several commercially available anti~P-glycoprotein
monoclonal antibodies (Table 3) were compared by
immunohistochemical staining of P-glycoprotein-pos-
itive normal human tissues (adrenal gland, kidney, and
liver), and multidrug-resistant cell lines (myeloma
8226/40 and an ovarian cancer cell line OVCAR4/
ADR100). JSB-1, C219, and C494 react with intracel-
lular epitopes of P-glycoprotein, whereas MRK186,
UIC2, and 4E3 recognize external epitopes of
P-glycoprotein. Although ail of the antibodies showed
immunostaining in each of MDR1-expressing tissues
or cells, the intensity of this staining varied with the
antibody and tissue type (Table 3). JSB-1 and MRK16
were selected as the antibodies of choice for this
study because they provided strong staining across
the spectrum of positive-control tissues (Table 3).
Frozen tissue sections were prepared with each of
four different fixatives (acetone, 4% formaldehyde,
picric acid-paraformaldehyde, and 95% ethanol) and
immunostained with anti-P-glycoprotein monoclonal
antibodies (JSB-1 and MRK16). Immunostaining for

P-glycoprotein was observed with all fixatives when

JSB-1 was used; however, weaker immunostaining
was observed with 4% formaldehyde and 95% alco-

hol fixation than was observed with acetone or picric
acid-paraformaldehyde fixation. Immunostaining with
MRK16 was similar with 4% formaldehyde, acetone,
and picric acid-paraformaidehyde; however, 95% al-
cohol resulted in substantially reduced immunostain-
ing. For this study, frozen tissue was fixed with ace-
tone for JSB-1 immunostaining and 4% formaldehyde
for MRK16 antibody.

Immunohistochemical Analysis olZP;-Gchaprotein
Expression

Except in a few lymphocytes or monocytes in some
samples, immunostaining for P-glycoprotein was not
observed in breast carcinomas analyzed from any of
the 106 breast cancer specimens, including 39 spec-
imens of primary breast carcinoma from patients who
had no prior systemic therapy and 73 specimens from
patients with locally advanced or metastatic breast
carcinoma, 49 of which from patients who had been
treated previously with doxorubicin-containing regi-

" men chemotherapy, 8 of which from patients who had

been previously treated with 5-fluorouracil and radia-
tion therapy or other chemotherapy, and 16 of which
from patients who had locally advanced disease
but had not been previously treated (Table 2).
P-glycoprotein membrane staining was clearly recog-
nized in normal adrenal cortex, proximal tubules of the
kidney, and bile canaliculi of normal liver, which dem-
onstrate normal physiologic levels of expression of
P-glycoprotein (Fig. 1). Doxorubicin-resistant my-
eloma cell lines, 8226/40 and doxorubicin-resistant
ovarian cancer cell fine, OVCAR 4/ADR 100 showed
strong immunostaining for P-glycoprotein as ex-
pected for cell lines with known P-glycoprotein over-
expression. To demonstrate that background, non-
specific staining could be obtained at antibody
concentrations above the determined optimal concen-
trations, at approximately 2-fold to 3-fold higher con-
centrations of P-glycoprotein antibody (16 to 24 ug/mli
and 10 to 15 ug/ml, respectively, with JSB1 and
MRK16 antibodies (see “Materials and Methods”)
stained all the cellular components (stromal, skin, and
tumor cells), but membrane staining was not ob-
served. Other membrane proteins such as HER-2/neu
could be clearly demonstrated in some of these §ame
breast cancers, indicating adequate preservation of
membrane protein components (data not shown).

N Table 1. History of Patient Treatment for Various Types of Breast Carcinoma Specimens

Extent of breast cancer at No prior Prior treatment with Prior other
biopsy treatment doxorubicin treatment Totals
Advanced/metastatic 0 49 57 547
Locally advanced disease 16 0 3?2 192
Primary breast cancer 39 0 0 39
11272

Total ) 55 49 g2

! For one patient, specimens of both primary and metastatic disease were analyzed.
2Two specimens were obtained from three patients. In each patient, one specimen was obtained prior to any treatment and the other specimen was obtained after
5-FU treatment and radiation therapy.
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by % @ K Tal}le 2. Summary of Specimens Used for Various Analyses

P-Glycoprotein Expression in Breast Cancer

Extent of breast cancer at MDR 1 mRNA MDR 1 mRNA by Western blot
biopsy Immunohistochemistry by RT-PCR Northern blot analysis of Pgp
Advanced/metastatic 48 33 5 2
Locally advanced disease 19 0 0 0
Primary breast cancer 39 0 1 2
Total 106 33 6 4
Table 3. Comparison of Inmunohistochemical Detection of P-Glycoprotein with Six Different Antibodies
Antibodies
Tissue/cell type JSB-1 MRK16 uic2 €219 €494 4E3
Normal adrenal 3+ 3+ 3+ 2+ 2+ 3+
Normal kidney 3+ 3+ 3+ 1+ 1+ 2+
Normal fiver 2+ 1+ 1+ 3+ 3+ 1+
OVCAR4/ADR100 3+ 3+ 3+ 1+ 1+ 3+

Analysis of P-Glycoprotein Expression by Western Blot
To confirm our immunohistochemistry result P-
glycoprotein expression in breast cancer was ana-
lyzed by Westemn blot. P-glycoprotein was not de-
tected by immunoblot analysis in advanced or primary
breast cancers, although MDR1 gene expression had
been demonstrated by prolonged RT-PCR ampilifica-
tion. Control OVCAR4/ADR cells, normal adrenal, kid-
ney, and liver did demonstrate P-glycoprotein by
immunoblot in all cases (Fig. 2).

Analysis of MDR1 mRNA Expression by Reverse
Transcriptase PCR

Total RNA from 33 recurrent or metastatic breast
cancer specimens were analyzed by the reverse tran-
scriptase PCR (RT-PCR) method. MDR7 mRNA was
observed in 13 of these 33 cases (40%) as an RT-PCR
product of 157 bp when the PCR was amplified
through 40 cycles. Known MDR1-positive control
specimens, including normal adrenal cortex, kidney
and liver, and a tumor cell line, either a muiltidrug-
resistant myeloma cell line, 8226/40, or ovarian cancer
cells (OVCAR 4/ADR 100), also showed the expected
RT-PCR product of 157 bp. The control gene (82m)
product (120 bp) was detected in all breast cancer
samples, confirming that mRNA in these samples was
intact (Fig. 3).

When the RT-PCR product was ampilified through
the more standard 28 cycles, the 157 bp MDR1 was
not detected in breast cancers, whereas the product
was recognized in total RNA from multidrug-resistant
ovarian cancer cell line OVCAR4/ADR, normal adrenal
gland, kidney, and liver. The control B,m product
showed an equal level of expression among these
breast cancers and control tissues and cell lines (Fig.
4). These results indicate that MDR7 mRNA was
present in breast cancer specimens, but at a low level
in comparison with physiologic levels of MDR7T mRNA
expression found in normal adrenal, kidney, and liver.

The identity of the PCR products was confirmed by
DNA sequence analysis (data not shown).

Analysis of MDR1 mRNA by Northern Blot

Six breast cancer total RNA were analyzed by North-
e hybridization. Of these six, four had MDR7 expres-
sion by RT-PCR, one lacked expression by RT-PCR,
and one was not analyzed by RT-PCR. Two speci-
mens, a primary and a metastatic tumors, were from
the same patient with advanced breast cancer (Table
4). MDR1 transcript was not detectable in any of these
breast tumors by Northern blot analysis in contrast to
a 4.6-kb MDR1 gene transcript identified in the
multidrug-resistant ovarian cancer cell line OVCAR4/
ADR100 {Fig. 5). ’

Association between MDR1 mRNA Expression by RT-PCR
and Clinical Data

To assess whether the low levels of P-glycoprotein
found by RT-PCR in some breast cancers correlated
with responsiveness to treatment, expression was
compared with treatment response to paclitaxel, to
previous doxorubicin therapy and survival. With re-
gard to response to paclitaxel, 27% of women (3‘of 11
patients) who were RT-PCR positive responded to the
treatment compared with 11% of women (2 of 18
patients) who were RT-PCR negative (p = 0.34, Fisher
Exact Test). Ten of twelve women (83%) who were
RT-PCR positive had a history of previous doxorubicin
therapy compared with 2 of 12 women (17%) who
were RT-PCR positive had a history of the therapy
(p = 0.133, Fisher Exact Test). The time since doxo-
rubicin treatment and total prior dose were also not
correlated with the gene expression (32 patients) (o =
0.89 and p = 0.45, respectively, median tests). Ex-
pression correlated with neither tumor progression nor
overall survival during a median follow-up period of
2.6 years for these metastatic breast cancers (p =
0.242 and p = 0.336, log rank).
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Figure 1.

Immunohistochemical staining for P-glycoprotein in normal, positive-control kidney (A-D), in two breast cancers (E-L) and in normal control! adrenal gland (M-P).
A. Photomicrograph of normal renal cortex stained with hematoxylin and eosin histologic stains. B, Immunohistochemical staining for P-glycoprotein with MRK16
antibedy shows immunolocalization of P-glycoprotein in renal cortical epithelial cells, especially the luminal membrane. G, Immunohistochemical staining for
P-glycoprotein with JSB-1 antibody also shows immunolocalization of P-glycoprotein in renal cortical epithelial cells, especially the luminal membrane. D, Substitution
of a mouse normal IgG antibody for JSB-1/MRK16 anti-P-glycoprotein antibody provides a negative control demonstrating no immunostaining of the renal cortex.
E and |, Photomicrographs of two breast cancers stained with hematoxylin and eosin histologic stains. F and J, No immunohistochemical staining is identified in breast
cancers incubated with MRK16 anti~P-glycoprotein antibody. G and K.) No immunohistochemical staining is identified in breast cancers incubated with JSB-1

anti~P-glycoprotein antibody. H and L, Negative control breast cancer tissue section:
demonstrate no immunostaining as observed in F, G, J, and K. M, Photomicro

s incubated with normal IgG antibody instead of anti-P-glycoprotein antibody
graph of normal adrenal cortex stained with hematoxylin and eosin histologic stains.

N, Immunohistochemical staining for P-glycoprotein with MRK16 antibody shows immunolocalization of P-glycoprotein in adrenal cortical cells. 0, Immunohisto-
chemical staining for P-glycoprotein with JSB-1 antibody also shows immunolocalization of P-glycoprotein in adrenal corticai cells. P, Substitution of a mouse normal
19G antibody for JSB-1/MRK16 anti-P-glycoprotein antibody provides a negative control demonstrating no immunostaining of the adrenal cortex. Similar resuits were
obtained for other positive control specimens including bile canaliculi of normal fiver, a doxorubicin-resistant myeloma cell ling, 8226/6 and 8226/40, and a
doxorubicin-resistant ovarian cancer cell line, OVCAR4/ADR 100 (not illustrated). Original magnifications of all photomicrographs, x400.

Discussion

A variety of solid and hematopoietic malignancies
have been observed to develop resistance to “nat-
ural product” anticancer agents after an initial pe-
riod of responsiveness. Because this observed clin-
ical multidrug resistance corresponds with the
known mechanism of action of the MDR7 gene
product P-glycoprotein, there has been an expec-
tation that expression of P-glycoprotein is respon-
sible for this resistance in many types of cancer.
Although P-glycoprotein expression is associated
with resistance to increasing concentrations of var-
ious chemotherapeutic agents in vitro for several
human tumor cell lines, laboratory confirmation of
this association in clinical specimens has proven to
be inconsistent.

Laboratory Investigation « March 1999  Volume 79 ¢ Number 3
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Because of contradictory findings and perceived dif-
ficulties in detecting P-glycoprotein, an intemational
workshop was convened to promote the standardization
of approaches to MDR1 and P-glycoprotein detection in
clinical specimens (Beck et al, 1996). At this workshop, it
was agreed that detection of P-glycoprotein and MDR1
mRNA is more reliable in leukemia and lymphomas
than in solid tumors (Marie et al, 1991; Pirker et al,
1991). Several recommendations for detection of P-
glycoprotein in clinical specimens were made (Beck et
al, 1996). These recommendations included the use of
more than one P-glycoprotein antibody for immunohis-
tochemical studies and well-characterized positive con-
trols. Frozen specimens were considered preferable to
paraffin-embedded tissues because the potential for
tissue fixation processing artifacts was minimized and
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Figure 2.

Western Blot analysis of P-glycoprotein in extracts from tissues and controf
cell line by anti-P-glycoprotein antibody, C219. P-glycoprotein is identified as
a 170-kDa band in an ovarian cancer cell line (OVCAR4/ADR) (lane 1), normal
adrenal gland (lane 2), normal kidney (lane 3), and normal fiver (lane 4).
P-glycoprotein is not identified in metastatic breast cancers (lanes 5 and 6) or
primary breast cancers (not shown). Cross-reactivity with a 200-kDa protein
band corresponding to myosin is observed with the €219 antibody (lane 1).

12 345678 91011121314‘151617

Figure 3.

Reverse transcription-PCR (RT-PCR) analysis of MDR1 (A) and B2-
microglobufin (B) gene expression with 40 cycles of PCR amplification. A, A
157-bp corresponding to the MDRT gene product is identified in RNA from
normal human adrenal cortex (lane 1), kidney {lane 2), liver (lane 3), and
metastatic breast cancers (lanes 4 to 16). A negative control (lane 17) lacking
RNA demonstrates no reaction product. B, The 120-bp B2-microglobulin
product confirms that intact mRNA is present in each of the samples.

1 2 3 4 5 6
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Figure 4. ’ :
RT-PCR analysis of MDR1 (A) and B,-microglobulin {B) gene expression with
28 cycles of PCR amplification. A, OVCAR4/ADR cell line (lane 1), normal
adrenal gland (lane 2), kidney (lane 3) and liver (fane 4) demonstrated an
MDR1 gene product, but the product was no longer identified in breast cancers
(lanes 5 to 10). B, In contrast, B,m gene RT-PCR products were equally
present among the above tissues and cell line. A negative control (lane 11)
lacking RNA demonstrated no reaction product.

the need for antigen retrieval was eliminated. it was also
considered highly desirable to use a second or third
confirmatory method, such as RT-PCR, Northem hybrid-
ization, or Westem blot to support immunohistochemical
findings. The current study of breast cancer meets all of
these recommendations.

To determine optimal conditions for immunohisto-
chemistry in this study, several P-glycoprotein anti-
bodies were tested with different tissue fixatives by
using known positive control, frozen tissues, and cell
lines to demonstrate the appropriateness of immuno-
histochemical assay conditions. Limiting dilution of
the antibodies eliminated background staining and
established the range for specific staining. To demon-
strate the artifactual background staining that results

P-Glycoprotein Expression in Breast Cancer

from use of primary antibodies at a high concentration
above the optimum determined by limiting dilutions,
antibody concentrations from 2-fold to 3-fold higher
than the optimum were evaluated. These high concen-
trations of primary antibody gave different false “pos-
itive” rates of immunohistochemical staining. When
MRK 16 was used at 1:20 dilution positivity was
reported in 72% (Hegewisch-Becker et al, 1998); but
with a dilution of 1:100, 14% low expression was
reported (De La Torre et al, 1994). in our study 1:100
dilution (5 pg/mi) of MRK 16 at an optimum demon-
strated no specific membrane staining. At higher con-
centrations of MRK 16 (1:50 dilution, 10 pg/ml; 1:25
dilution, 20 pg/mi) all cellular components were
stained. Because no membrane staining was identi-
fied in breast carcinoma cells at the dilutional optimum
for MRK16 antibody and because nonspecific staining
at all cellular compartments was observed at a higher
antibody concentrations, the immunostaining was
considered as to be high background staining at the

" tissue section. Therefore, an inappropriate increase in

antibody concentration can lead to false-positive re-
sults. Optimal working concentrations of antibodies
should be determined before use in any cohort study.
Waestern blot confirmed our immunohistochemical re-
sults at the protein level, which is consistent with
findings of other groups (Merkel et al, 1989).
P-glycoprotein expression in tissue sections has been
most frequently characterized by using the C219 an-
tibody (De La Torre et al, 1994; Dixon et al, 1992;
Filipits et al, 1996; Gregorcyk et al, 1996; He et al,
1995; Ro et al, 1990; Sanfillippo et al, 1991; Schneider
et al, 1989; Veneroni et al, 1994). However, this
antibody cross-reacts with the HER-2/neu protein
because it contains a peptide sequence that is homol-
ogous to the epitope of P-glycoprotein recognized by
€219 (Chan et al, 1991; Chan and Ling, 1997; Liu et al,
1997). This may result in misinterpretation of HER-2/
neu-expressing tumor as P-glycoprotein—-expressing
carcinoma. C219 also cross-reacts with the heavy
chain of myosin, which may account for some addi-
tional differences in immunostaining interpretations
(Thiebaut et al, 1989). Our conclusion that
P-glycoprotein is not expressed in breast carcinoma
cells is supported by functional evaluation of
P-glycoprotein efflux pump in ‘breast cancer_cells
(Hegewisch-Becker et al, 1998). CD8+ and thé CD+
lymphocytes exhibited the pump activity by rhoda-
mine 123 (Rh123) efflux assay, but no such activity
was detectable in a single breast carcinoma case.
RT-PCR is a putative sensitive technique in assess-
ing MDR1 gene expression in tumor specimens. Our
result is consistent with findings of others that MDR1
mRBNA was detected in some breast carcinomas. By
comparing the MDR1 gene expression level in breast
cancer with the physiologic level of expression of
MDR1 gene in normal control tissues, we demon-
strated that a relative low level of the MDR7 gene,
which might come from contaminating lymphocytes,
is expressed in breast cancer. By using a novel
method for separating breast carcinoma cells from
stromal and inflammatory cells, Maas et al demon-
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Table 4. Treatment Information and RT-PCR Results for Patients Analyzed by Northern Blot

Prior Months since Response to
doxorubicin doxorubicin paclitaxel
Category therapy therapy therapy RT-PCR
1 Advanced breast cancer Yes 9 Minor response +
2 Advanced breast cancer Yes 43 Progressive disease -
3 Advanced breast cancer Yes 7 Stable disease +
4 Advanced breast cancer? No —_ Complete response +
.5 Advanced breast cancer’ No —_ Complete response -+
6 Primary breast cancer No — —_ N/A

" Tumors 4 and 5 were from the same patient.
2Specimen was taken from the primary site.
I Specimen was taken from the metastatic site in the neck.

1 2 3 4 5 6 7

Figure 5.

Northern blot analysis of MDR? gene expression in breast cancer. A, MDR1
gene product is not identified in metastatic (lanes 1 to 5) or primary (lane 6)
breast cancers, whereas, MDR1 mRNA was identified in a known positive
control cell line (OVCAR4/ADR) (lane 7). B, Equal amount of loading (10 ng of
RNA/lane) was demonstrated by ethidium bromide-stained 28S and 18S rRNA
separated by 1% formaldehyde-agarose gel.

strated that MDR17 expression in metastatic breast
carcinoma was associated with lymphoid cells not the
carcinoma cells (Maas et al, 1995). The investigation
carried out by Hegewisch-Becker et al is in concor-
dance with the RT-PCR results of Maas et al, ie, that
MDR1 expression is correlated with the percentage of
contaminating lymphocytes in the breast tumor.

P-Glycoprotein is expressed in normal human tis-
sues, including lymphoid/myeloid cells in the bone
marrow and peripheral blood (Chaudhary et al, 1992;
Drach et al, 1992; Klimecki et al, 1994), epithelial cells
of bile ducts and bile canaliculi, kidney, and gastroin-
testinal tract (Sugawara et al, 1988). The presence of
P-glycoprotein on the surface epithelium of normal
secretary organs is consistent with a role in the
transport of exogenous toxins and endogenous hor-
mones. The physiologic level of expression of
P-glycoprotein, which functions as an efflux pump
removing certain types of “natural product” toxic
agents from the interior of the cell, can readily be
detected in these normal tissues by standard immu-
nologic techniques. This finding raises the question of
whether or not low or barely detectable levels of
P-glycoprotein expression in breast cancer have a
significant function and clinical relevance in breast
cancer. '

Although a few MDR phenotypes are associated
with gene amplification, the majority appear to be
classic genetic mutations (Roninson et al, 1984). This
finding is supported by evidence derived from fluctu-
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ation tests (Goldie and Coldman, 1985). Fluctuation
tests have been performed by using several drugs (eg,
hydroxyurea, asparaginase, and doxorubicin) and
have established mutation followed by selection as
the major mechanism for the generation of drug-
resistant mutants. Fluctuation tests demonstrate that
mutations conferring drug resistance occur in tumor
cells independent of the presence of an anticancer
drug. Thus, in the case of resistance arising by means
of mutation, the role played by the drug is to provide
selective pressure in favor of the resistant cells by
killing the sensitive cells (Woodhouse and Ferry,
1995). Both MDR1/P-glycoprotein-related and non—
MDR1/P-glycoprotein-related drugs have no effect on
mutations unless they are mutagens (Tannock, 1987).
In other words, induction of P-glycoprotein expression
by MRD1/P-glycoprotein-related treatment regimen is
not expected if no P-glycoprotein~positive cells are
present in the tumor sample. In the present study, a
history of doxorubicin treatment was associated with
a low level of P-glycoprotein expression detected only
with RT-PCR analysis of the metastatic breast cancer.
This low level of expression is probably due to con-
taminating lymphocytes in the tissue specimen. The
expression was not correlated with subsequent re-
sponsiveness to paclitaxel therapy or overall survival.

The role of P-glycoprotein-associated multidrug re-
sistance in breast cancer has been controversial. Our
results demonstrate that P-glycoprotein is not ex-
pressed in human breast carcinoma cells and, there-
fore, does not play a role in resistance to adjuvant
chemotherapy.

In conclusion, development of drug resistance in
vivo is considered to be far more complicated than
development of drug resistance in vitro and a variety
of different mechanisms for drug resistance in addition

" to drug efflux mechanisms should be considered.

Other mechanisms such as expression of topoisom-
erase Il (Loflin and Zwelling, 1994), expression of
selected oncogenes (eg, HER-2/neu) (Muss et al,
1994, Tsai et al, 1993), glutathione metabolism, intra-
cellular stress-related proteins, and apoptotic .cell
death (p53 mutations) (Lowe et al, 1994) should be
investigated as possible sources of drug resistance in
breast cancer.




Materials and Methods
Breast Cancer Specimens and Normal Control Tissues

One hundred twelve frozen tissue specimens of pri-
mary or metastatic breast carcinoma were used for
this investigation. Breast carcinoma tissues were im-
mediately embedded in Optimal Cutting Tissue Com-
pound (Tissue Tech Laboratories, Elk Hart, Indiana)
and snap-frozen in liquid nitrogen before storage at
—80° C in the USC Breast Tumor and Tissue Bank.
Normal human adrenal gland, kidney, and liver also
obtained from the USC Breast Tumor and Tissue Bank

‘were used as P-glycoprotein—positive control tissues.

TPretocs:

Clinical ﬁnfarmatwh

The expression of MDR 1 gene was investigated in
three groups of women with breast cancer: (1) those
entered in a clinical trial of paclitaxel for treatment of
recurrent disease after chemotherapy (49 of 53 pa-
tients [53 patients with 54 specimens]) had received
prior chemotherapy regimens containing doxorubicin
(protocol 1B-92-3), (2) women in a neoadjuvant trial of
5-fluorouracil and radiation therapy to treat locally
advanced disease (protocol 1B-93-3) (16 patients with
19 specimens), and (3) primary breast cancers ob-
tained as frozen archival specimens with no history of
prior chemotherapy were obtained from our tissue
bank with known follow-up histories (39 patients)
(Table 2).

Protocol 1B-92-3 consisted of two sequential
phase |l studies of two dose-schedules of paclitaxel
and was begun under sponsorship of the Cancer
Therapy Evaluation Program, National Cancer insti-
tute. It was completed in April of 1996. Twenty-eight
patients received paclitaxel given as 24-hour infusion
(135 mg/m?), and 25 patients received 3-hour infusion
(150-225 mg/m?). All patients (median age, 52 years;
range, 26 to 77 years) had histologically proven met-
astatic breast cancer, with tumor accessible for bi-
opsy and failure of one or more prior standard che-
motherapy treatments. Other requirements included
performance status of 2 or better (Zubrod scale);
satisfactory hematologic, renal, and hepatic functions;
adequate interval from preceding therapies; negative
pregnancy test if applicable; and signed informed
consent. -

Specimens were also obtained from 16 women
(median age, 54 years; range, 32 to 69 years) who
accrued to a multimodality protocol of continuous
infusion 5-fluorouracil and concomitant radiation ther-
apy for potentially resectable, locally advanced breast
cancer (1B-93-3). Women who were entered in this
clinical trial had locally advanced breast cancer. Nine
of these 16 patients had positive involvement of axil-
lary lymph nodes, but without distant metastasis. In
this experimental protocol, biopsy of the breast mass
was obtained before neoadjuvant therapy and resec-
tion of the mass was performed after therapy. Neoad-
juvant treatment involved preoperative 5-fluorouracil
(200 mg/m?) administration during radiotherapy (50
Gy) to the breast and regional lymph nodes.

P-Glycoprotein Expression in Breast Cancer

Finally, 39 frozen primary breast cancers from the
USC Breast Tumor and Tissue Bank were analyzed.
None of these women {median age, 56 years; range,
30 to 86 years) received any therapy before removal of
the breast carcinoma specimen. Seven of the breast
cancers were less than 2.0 cm in diameter, 26 were
2.0 to 5.0 ¢cm in diameter, and 6 were more than 5.0
cm in diameter. Twenty-two women with breast can-
cer had no invoivement of axillary lymph nodes, 1
women had axillary lymph node metastases, and the
status of axillary nodes was not available for six
women.

Detection of MDR1 mRNA by RT-PCR

MDR1 mRNA was characterized by RT-PCR of total
RNA prepared from frozen tissues. Total RNA was
prepared from frozen tissue sections by the TRIZOL
method (GIBCO BRL) as recommended by the man-
ufacturer. RNA yield was determined by Spectropho-
tometry at 260 nm. cDNA was synthesized with 2.5 pg
of total RNA and 250 ng of poly(A) oligo (dT)15 primer
(Promega), in 50 pl of a solution containing 50 mm
Tris-HCI (pH 8.3), 75 mm KCI, 3 mm MgCl, 10 mm
dithiothreitol, 500 um each of the dNTP, and 500 units
of Moloney murine leukemia virus reverse transcrip-
tase (GIBCO BRL, Grand Island, New York). After 1
hour at 40° C, the reaction was stopped by heating to
g5° C for 5 minutes to inactivate the reverse transcrip-
tase. cDNA was stored at —20° C until used.

PCR was carried out with cDNA derived from 100 ng
of RNA, 2 units of Tag DNA polymerase and reaction
kits (Promega) in a final volume of 50 ul. Each cycle of
PCR included 1 minute of denaturation at 84° C, 1
minute of primer annealing at 55° C, and 2 minutes of
extension/synthesis at 72° C. PCR primers were syn-
thesized by using an Applied Biosystems DNA synthe-
sizer (model 394) at Norris Comprehensive Cancer
Center, USC. p2-Microglobulin (32m) was selected as
a control to demonstrate intactness of the RNA and
suitable PCR primers were synthesized. Sense primer
5'-ACCCCCACTGAAAAAGATGA-3’, corresponding
to B2m genomic DNA nuclectides 15441 563, and
antisense primer 5'-ATCTTCAAACCTCCATGATG-3’
corresponding to genomic DNA :nucleotide sequence

'2953-2262 and 3508-3517, which encompasses the

3’ side of the nucleotides of exon 3 and the 5’ side of
the nucleotides of exon 4 (Gussow et al, 1987). MDR1
sense (5’-CCCATCATTGCAATAGCAGG-3') and anti-
sense (5'-GTTCAAACTTCTGCTCCTGA-3') primers
were used to amplify an MDR1 cDNA segment (157
bp) from nucleotide 2596 to 2752 (Noonan et al, 1990).
Each primer was added at 50 pmol of concentration
per reaction. The PCR amplifications of MDR1 and
B2-microglobulin were carried out in separate tubes.
PCR products were separated on 2% agarose gel.
Electrophoresis was performed (45 mm Tris-borate
buffer, 1 mm EDTA) at 100 V for 2 hours. Gels were
stained with ethidium bromide, examined on a ulira-
violet transilluminator (Gel Documentation System,
ULTRA-LUM), and photographed. Negative controls
were prepared with water instead of cDNA.
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Detection of MDR1 mRNA by Northern Blot

Total RNA was extracted from the same specimens as
used for RT-PCR. Ten micrograms of RNA for each
sample was loaded, electrophoresed, and transferred
to Hybond-N+ nylon nucleic acid transfer membrane
(Amersham, Cleveland, Ohio). Equal loading and in-
tegrity of RNA were confirmed by ethidium bromide

_staining of the formaldehyde-denatured 1% agarose

gel. The blot was hybridized with a 3*P-dCTP labeled
4.15-kb P-glycoprotein cDNA probe (Xbal restriction
digest 4.15 KB sequence from pGEM-3Zf (-) Xba
vector) (ATCC, Rockville, Maryland) for 2 hours in
Rapid-hyb buffer (Amersham) and exposed to x-ray
film for 3 days.

Immunohistochemical Characterization 04 P-Glycoprotein
Expression

A series of commercially available P-glycoprotein an-
tibodies were compared for immunostaining sensitiv-
ity and specificity by using control tissues and. cell
lines. These antibodies were JSB1 (Signet, Boston,
Massachusetts), MRK16 (Kamiya Biomedical Co.,
Tukwila, Washington), UIC2 (immunotech, Inc., West-
brook, Maine), C219 (Signet), C494 (Signet), and 4E3
(Signet). Fixation conditions were determined by test-
ing each of the antibodies in P-glycoprotein-
expressing tissues fixed with formaldehyde (4%),
paraformaldehyde-picric acid (Press et al, 1985), ac-
etone, and 95% ethanol. Optimal concentrations were
determined by serial dilution of each antibody (8 pg/ml
and 5 ug/m! for JSB1 and MRK16, respectively).

The peroxidase antiperoxidase immunohistochemi-
cal technique was used {o localize P-glycoprotein in
tissue sections. Frozen tissue sections (6 um) were
thaw-mounted on glass slides, fixed in acetone at
room temperature for 10 minutes, washed in phos-
phate buffered saline (PBS) and treated with 0.5%
H,0,-PBS for 15 minutes to inactivate endogenous
peroxidase activity, washed twice with PBS, and
treated with 10% normal rabbit serum in PBS to block
nonspecific binding sites. Monoclonal mouse
P-glycoprotein antibodies, JSB1 and MRK16, were
applied to serial tissue sections for 1 hour at a con-
centration of 8 ug/ml and 5 pg/ml, respectively, in
PBS containing 10% rabbit serum after rotating with
normal IgG coated beads overnight to reduce nonspe-
cific, background staining. The antibodies and con-
centrations were chosen after testing with positive
control tissue and cell lines to select the most sensi-
tive antibodies for use (see “Results”). A secondary
rabbit anti-mouse IgG (anti-H+L chains, ZYMED Inc.,
S. San Francisco, California) bridging antibody (1:50
dilution, 30 minutes) and a tertiary mouse peroxidase
antiperoxidase antibody (1:50 dilution, 30 minutes)
(Sternberger Laboratories, Inc.) was used to label the
primary antibodies. After each antibody incubation,
the tissue sections were washed in excess PBS three
times for 3 minutes each. Each of the antibodies were
adsorbed with human IgG-coated latex beads to re-
duce nonspecific background staining as described
elsewhere (Press and Greene, 1984).
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Diaminobenzidine-H,0, solution (Abbott Laborato-
ries, Inc., Abbott Park, lllinois) was applied to the
sections and reacted for 10 minutes to identify the
sites of immunoprecipitate formation. Specimens
were then washed in PBS, counterstained with ethyl
green, mounted in Permount, and cover-slipped.

Negative controls for each sample were performed
as above but with normal mouse isotype control
immunoglobulins (ZYMED) instead of primary anti-
body. Doxorubicin-resistant myeloma cell lines 8226/6
and 40; ovarian cancer cell ine OVCAR4/ADR100; and
normal adrenal gland, kidney, and liver were used as
positive control samples assayed with each group of
tumor samples. Doxorubicin-resistant myeloma cell
lines 8226/Dox 6 and 40 were provided by Dr. T. M.
Grogan, University of Arizona. Another doxorubicin-
resistant subline, OVCAR 4/ADR 100, was generated
by stepwise selection in escalating concentrations of
doxorubicin (Yang and Page, 1995). These cell lines
were continuously maintained in the presence of

doxorubicin (6 ng/ml, 40 ng/ml, and 100 ng/mi, re- -

spectively). They were grown in RPMI 1640 medium
supplemented with 10% fetal bovine serum (GIBCO
BRL), 2 mm L-glutamine, 100 U of penicillin, and 100
pg of streptomycin at 37°C in a humidified atmo-
sphere of 5% CO,. All slides were evaluated by two of
the authors without knowledge of the clinical data.
Immunohistochemistry was scored on a four-point
basis: 0 = no staining, 1+ = weak staining, 2+ =
moderate staining, and 3+ = strong staining; the
percentage of positive tumor cells in each category
was recorded.

Western Blot Analysis of P-Glycaprotein Expression

Breast cancer and normal control tissues were ho-
mogenized with homogenizer in ice-cold lysis buffer
(50 mm Tris-HCI, pH 8.0, containing 0.5% CHAPS, 150
mm NaCl, 2 mm MgCl,, 1 mm PMSF, and 5 mm EDTA).
Protein concentrations were measured by spectro-
photometry. The same amount of protein was applied
on each lane. After electrophoresis on a 7.5% homo-
geneous gel, the proteins were transferred to nitrocel-
lulose paper by using PhastSystem transferring Unit
{25 mAV for 9 Vh) (Pharmacia Bibtech). Nitrocgliulose
was washed briefly with 0.05% Tween 20-phosphate
buffered saline (PBST) containing 10% rabbit serum in
PBST solution. The blot was then incubated at room
temperature for 2 hours with 10 pg/ml of the anti-P-
glycoprotein antibody C219 in PBS containing 10%
rabbit serum. After washing with PBST, the paper was
incubated with peroxidase-labeled rabbit anti-mouse
Ig (DACO, A/S Denmark) at a 1:500 dilution for 1 hour
at room temperature and thereafter washed exten-

" sively with PBST. The immunoreactive proteins were

detected by ECL as recommended by the manufac-
turer. '
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Abstract

A novel 7 kDa glycoprotein (P7), originally identified in multidrug resistant ovarian and
breast cancer cell lines, was expressed in breast cancer specimens as demonstrated by
immunohistochemistry and Western blot analyses using a P7 specific monoclonal antibody, 1D7.
P7 was expressed in breast cancer cells, but not other cells in the breast tissue. Its expression was

significantly associated with the presence of distant metastasis and residual disease at the time of

diagnosis in women with primary breast cancer (P=0.027, Fisher’s exact test). P7 expression was

also associated with patieht survival in women without evidence of distant metastasés or residual
disease at diagnosis although this association did not reach statistical significance (p=0.06, logrank
test). P7 expression was found in 13.3% of women with locally advanced breast cancer before 5-
fluorouracil and radiation therapy and in 53.3% following chemotherapy (p = 0.016). Our
preliminary results demonstrated that a novel 7 kDa protein had increased expression in human
breast cancer following chemotherapy and radiation therapy suggesting that it could play a role in
the drug resistant phenotype and in tumor progression. The specific expression of P7 on breast

cancer cells makes it a potential target for novel therapies.
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Introduction

Breast cancer is a major cause of morbidity and mortality in women in the United States [1].
The process of tumor progression has been extensively studied, but research has not yet effected
significant change in understanding the process or in controlling tumor progression. There is a
continuing need to identify new molecules that play a role in tumor development and progression.

P7 antigen, recognized by a monoclonal antibody, 1D7, was first identified in cell lines [2].

Its expressmn in ovanan cancer cell hnes was augmented followmg exposure. to vinblastine or

adnamycm treatment in vitro. A smular cell hne expressmg high levels of P7 has been obtained
from MCF-7 human breast cancer cells following treatment by doxorubicin and vinblastine [3] .
P7 expression was not found in other drug-resistant human cell lines such as vinblastine-resistant
CEM leukemia cells (CEM/VBL 300), and intrinsic MDR colon cancer cells, HCT15. Therefore,
it appears that P7 does not represent a generalized multidrug-resistant phenotype. Previous results
showed that the small molecular weight protein is involved in the proliferation of P7-positive tumor
cells since Mab 1D7 specifically inhibited the growth of these cells [4]. In this study we evaluated
P7 expression in human breast cancer specimens and assessed its association with disease

progression.

Materials and Methods
Patient Information and Breast Cancer Speeimens. The expressiori of P7 was
investigated in two groups of women with breast cancer. The first group consisted of 64 women
diagnosed with breast cancer at Los Angeles County General Hospital between 1992 and 1996
who had surgery by either modified radical mastectomy (38 patients) or lumpectomy (26 patients).
None of these patients received cherhotherapy or radiation treatment prior to the surgery or biopsy.
The median age of the 64 patients was 53 years (range, 34 to 83 years). The median clinical

follow-up was 1.94 years, and ranged from 0.38 to 3.24 years after initial surgery. Frozen




specimens which were consecutively entered in the USC Breast Tissue and Tumor Bank were
analyzed. The second group of women with breast cancer consisted of 15 women entered in a
neoadjuvant trial of 5-fluorouracil and radiation therapy to treat locally advanced disease (protocol
no. 1B-93-3). In this experimental protocol, biopsy of the breast mass was obtained prior to
neoadjuvant therapy and resection of the mass was performed after therapy. Neoadjuvant
treatment involved pre-operative 5-fluorouracil (200 mg/m?) administration during radiotherapy (50
Gy) to the breast and regional lymph nodes. Eight of these 15 women had involvement of axillary
lymph nodes by tumor but without evidence of distant metastasis. Breast carcinoma tissue from
each case was iIMEdiatev:ly frozen and stdréd 1n liéﬁid nitrOgeﬁ. ‘T'he v‘vorneﬁ had a median age of
50 years (range: 31 - 64 years).

P7-positive ovarian cancer cells, OVCAR 4/ADR, were cultured as described elsewhere and
used as a positive control for both immunohistochemistry and Western immunoblot [2].

1D7 Monoclonal Antibody. The production of 1D7 monoclonal antibody, which
recognizes P7, has been previously described [2]. 1D7 antibody was used either as hybridonia
supernatant or as purified immunoglobulin by precipitation with ammonium sulfate and DEAE-
matrix chromatography.

Immunohistochemical Detection of P7 in Breast Cancer. The peroxidase anti-
peroxidase immunohistochemical technique [5] was used to localize P7 in breast cancer
specimens. Cryostat sections (6 ym) were prepared and fixed with 4% formaldehyde at room
temperature for 5 minutes. The sections were then washed in phosphate bufféred saline{PBS) and

treated with 0.5% H,0,-PBS for 15 minutes to inactivate the endogenous peroxidase activity. 1D7

antibody (1: 5 dilution of hybridoma supernatant or 5 pg/ml of purified antibody) was applied to

the sections for 1 h in 10% rabbit serum PBS. Specimens were washed in PBS, 3 times for 3
minutes each. Rabbit anti-mouse IgG bridging antibody (anti-H+L chains, ZYMED) diluted 1: 50
in 10% rabbit serum PBS was applied to the tissue section for 30 minutes. After washing mouse
peroxidase antiperoxidase antibody (1: 50 dilution) was applied for 30 minutes. DAB solution

(3’,3-diamenobenzidine) was used to identify the sites of immunoprecipitate formation. The




preparations were counterstained with ethyl green, mounted in Permount and cover-slipped.
Negative controls for each sample were performed as above but with normal mouse isotype control
immunoglobulins (ZYMED, S. San Francisco, CA) instead of primary antibody. The histology of _
each specimen was confirmed by review of one section stained with hematoxylin and eosin. All
slides were evaluated by two of the authors without knowledge of the clinical data. Pattern of
staining was described as either focal or diffuse when more than 20% of tumor cells were stained.
Intensity of staining was scored as: 0 = no staining, 1+ = weak staining, 2+ = moderate staining,
' and 3+ = strong staining.

Wes‘te'rn'Blot' 'Analysis of P7. Bréast éanéef ti;sues (aboﬁt 200mg) ‘v.vére homogenized |
with a motor-driven homogenizer in 0.5 ml of ice-cold lysis buffer (50 mM This-HCL, pH 8.0
containing 0.5% CHAPS, 150 mM NaCl, 2 mM MgCl,, 2 mM PMSF). The homogenates were
centrifuged at 10,000g for 20 min at 4°C. Supernatants were measured by spectrophotometry at
OD280 and stored at -20°C until used. Methanol-extracted prdteins were similarly prepared with
the following changes: breast cancer tissues were homogenized in 0.5 ml methanol and centrifugéd

at 10,000g for 20 min at 4°C. The supernatants were evaporated in a SpeedVac (Savant,

Farmingnale, NY) until a volume of 50 pl remained. Proteins were solubilized with 'SDS-

containing sample buffer in the presence or absence of B-mercaptoethanol. Electrophoresis was

carried out using 8-25% gradient gels. After electrophoresis, the proteins were transferred to
nitrocellulose paper using the PhastSystem transfer unit set at 25mAV for 9 Vh (E,‘_hatmacia,
Piscataway, New York). All subsequent stéps were carried out at room -temperatufe.
Nitrocellulose was washed briefly with 0.05% Tween 20 phosphate buffered saline (PBST) and
blocked with 10% rabbit serum in PBST solution for one hour. The blot was then incubated for 1
h with 10 pg/ml of the monoclonal antibody 1D7 in PBS containing 10% fabbit serum PBS. After
washing with PBST, the nitrocellulose blot was incubated for 1 h with peroxidase-labeled rabbit

anti-mouse immunoglobulins (DACO, A/S, Denmark) diluted 1:500 in 10% rabbit serum PBS and




thereafter washed extensively with PBST. The immunoreactive proteins were detected by the ECL
method as recommended by the manufacturer or by revealing the band with DAB solution.
Statistical Analysis. Fisher’s exact test (2 tailed) and the logrank test were used to assess
the association of P7 expression with breast cancer metastasis and residual disease at diagnosis,
survival, or other clinical factors. For the purpose of analysis, specimens in which, at least, 20%
of tumor cells were stained (diffuse staining pattern) were considered to be posiﬁve in primary

breast cancer. McNemar’s test was used to assess P7 expression in locally advanced breast cancer

prior to and after 5-fluorouracil therapy including focal and diffuse staining patterns.

Results

Staining Intensity Differences with Various Fixatives. Tissue sections
demonstrated substantial differences in 1D7 antibody immunoreactivity with different fixatives.
The strongest immunostaining was identified with either 4% formaldehyde or with acetone
fixation. No antibody immunoreactivity was identified with methanol or ethanol fixation (95%).
Only weak staining was seen with 50% ethanol fixation. The number of tumor cells stained with
picric acid-paraformaldehyde fixation was similar to that obtained with formaldehyde and acetone
fixation but the intensity of staining in individual cells was not as strong as formaldehyde fixation
which was used for the immunohistochemical staining described in Materials and Methods.

P7 Expression in Primary Breast Cancer. Among the prirr;hry, untreged breast
cancers, P7 was identified in‘ 21 of 647 (33%) specifneﬁs by immunohistochemistry using P7
specific monoclonal antibody, 1D7, including both the focal (9%, 6 of 64) and diffuse pattern
(23%, 15 of 64) (Figure 1A and B). The P7 protein was localized in both the cytoplasm and
plasma membrane of tumor cells of infiltrating ductal and lobular carcinomas. No immunostaining
was found in adjacent normal breast ductal or lobular epithelium, stromal cells, endothelial cells of
blood vessels, lymphocytes or macrophages (Figure 1C). These results indicated that P7 antigen

is predominantly expressed in breast cancer cells.




Association of P7 Expression with Prognostic Factors and Clinical Outcome
in Primary Breast Cancer. P7 expression was significantly associated with distant metastasis
or residual disease among 64 breast cancer patients at diagnosis (P=0.027, Fisher’s exact test)
(Table 1). This result indicated that P7 expression was associated with extent of disease at the time
of diagnosis. P7 expression also had an association with the survival of breast cancer patients who
had no evidence of distant metastasis and residual disease at the time of diagnosis (55 patients,
P=0.0624, logrank test) although this association did not reach formal statistical significance. P7

expression in this small cohort was not significantly associated with histologic grade, tumor size,

lymph node involvement, estrogen or progesterone reéeptor “status, Her-2/neu oncogene

expression or P53 tumor suppressor protein expression (Table 1).

P7 Expression in Locally Advanced Breast Cancer before and after Radiation
and 5-Fluorouracil Therapy. In order to test whether P7 expression may be augmented after
chemotherapy, 2 sequential frozen specimens, one before and one after neoadjuvant chemotherapy
(see Materials and Methods) were obtained from 15 women and analyzed for P7 expression. In
one of these women, P7 expression was dramatically augmented following radiation and 5-
fluorouracil therapy in terms of staining intensity and the percentage of tumor cells stained (Figure
ID and E). In six of these locélly advanced breast cancers in which the first sample was
completely negative for P7, the specimen obtained after radiation and chemotherapy was positive
for P7 expression. Overall, expression of P7 protein was identified in only two (2/15, 13.3%)
breast cancers prior to 5-Fluorouracil and radiation therapy but P7 expressiSn was identified in 8
(8/15, 53.3%) breast cancers and in a higher percentage of tumor cells per positive case after the
therapies (Table 2). The change in expression was statistically significant (p=0.016, McNemar’s
test) even though the number of cases evaluated was small.

Western Blot Analysis of P7 Expression. To confirm that the immunohistochemical
staining seen with monoclonal antibody, 1D7 was specific for P7, proteins were extracted from
breast cancer tissues and subjected to Western blot analysis. Both detergent solublized breast

tissue lysates (Figure 2A) and methanol-extracted materials (Figure 2B) were analyzed. An
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ovarian cancer cell line, OVCAR4/ADR, which overexpresses P7, was used as positive control. A
M r 7,000 Dalton band was detected in samples from both the positive control and from breast
cancers that stained positive for P7 expression by immunohistochemistry. As shown in Figure
2A, the 7 kDa band was relatively weak in breast cancer samples compared with positive control
cell lines, and the signal in one case was missing in detergent-treated lysates. However, the 7 kDa

bands were clearly observed in all methanol-extracted samples.
Discussion

A novel M r 7 kDa glycoprotein was detected in breast cancer specimens by
immunohistochemistry and Western blot analyses. Twénty-one of 58 invasive ductal and lobular
carcinomas were positive with 1D7, including twenty of ductal type and one of mixed ductal and
lobular histology. The other breast tumors consisted of six other cases having varied histologies
(mucinous, colloid, and medullary carcinomas) known to be associated with a good prognosis.
None of these more favorable breast carcinoma histologic types showed any immunostaining with
Mab 1D7. P7 antigen expression in primary breast cancer was associated with the presence of
distant metastasis and residual disease at the time of diagnosis in this study. Therefore, P7 antigen
expression in these breast cancer cells was correlated with tumor progression. Since previous

results have shown that P7 is involved in the proliferation of P7-positive cells, this molecule may

3,

play a role in disease progression. : : S

P7 expression was augmented folléwing radiation aﬁd 5-fluorouracil therapy as revealed by
immunohistochemistry for both staining intensity and percentage of positive tumor cells. The
expression was increased from 13% of breast cancers to 53% of breast cancers following
chemotherapy and radiation therapy. What role, if any, that this increase in P7 expression after
neoadjuvant treatment might play for tumor cells needs further exploration. Because only the
tumor cells expregsed P7, this protein could be a potential target for immunotherapy or other

targeted therapies.




Western immunoblot analysis was used to confirm immunohistochemical findings. Althodgh
P7 was identified by Western immunoblot the level of detection varied slightly with the solubilizing
agent. With detergent lysates of breast cancer tissue, a relatively weak signal was identified in P7 _
expressing specimens. In one immunostain-positive case, the 7 kDa band was not detected by
analysis of detergent-treated lysate, while it was detected in methanol or ethanol extracted tissue.

indicating that P7 antigen may specifically or non-specifically attach to a or some detergent
non-soluble components of the breast tissue. Tissue sections which were fixed with methanol or

ethanol showed a loose of immunostaining with 1D7 antibody suggesting that either these solvents.

‘ destro'yed the epitope recoghiZéd by the antibody or these hydroxy—co'nfaihin’g solvents extracted

the antigen. The Western immunoblot results demonstrated that P7 was extracted by these organic
solvents.

This is the first report that the 7 kDa glycoprotein recognized by 1D7 was expressed in breast
cancer tissue. Further study of the novel 7 kDa protein is warranted because its expression in
breast cancer cells may provide a better understanding of the mechanisms of breast cancer cell

proliferation as well as a potential new therapeutic target in treatment of breast cancer.
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Table 1. Association of P7 Expression (diffuse pattern) with Baseline Clinical Characteristics
among 64 Primary Breast Cancer Patients

Factors No. of No. of P7 Positive Case (%) p-value®

Patients .
Total 64 15 (23.4)
Distant Metastasis or Residual Disease 0.027
No 55 10 (18.2)
Yes 9 5(55.6)
Tumor Size ' 1.00
<3cm 26 6 (23.1)
>3cm ; 38 9(23.7
Histologic Grade _ T - 0514

2 o s L 5(333) o
3 41 10 (24.4)
Unknown ’ 8 0
Lymph Nodes 1.000
Negative 36 8 (22.2)
Positive 26 6 (23.1)
Unknown 2 1
Stage 0.279
714 43 7 (16.3)
1117)\Y 15 5(33.3)
Unknown ' 6 3
Histologic Diagnosis 0.322
IDC+LC 58 15 (25.9)
Other 6 0(0)
Her 2/Neu 0.346
<++ 41 11 (26.8)
>++ 21 3(14.3)
Unknown ‘ 2 1
. _ .« .

P53 T ' 3 - : 1.000 ¥
Negatjve . 50 - 12 (240)
Positive 10 2(20.0)
Unknown 4 1
ER ' 0.419
Negative 19 2 (10.5)
Positive 22 5(22.7)
Unknown ' 23 8
PR , 0.419
Negative 19 2 (10.5)
Positive 22 5(22.7)
Unknown 23 8

“Based on Fisher’s exact test.
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Table 2. P7 Expression before and after Radiation and 5-FU Therapy
among 16 Patients in Locally Advanced Breast Cancer

pP7 f:'xpression (Intensity and 'f’ercentage)

Patients
Before After

No. 1 ++, 10 ++, 10
No. 2 -0 -0
No. 3 - -0
No. 4 -0 +++, 80
No. 5 -0 -0
No. 6 -0 -0
No. 7 ++, 40 +++, 100
No. 8 -, 0 ++, 20

- No.9 -0 50
No. 10 -0 +++, 100
No. 11 -0 ++, 2
No. 12 -0 - 0
No. 13 -0 +, 40
No. 14 -0 - 0
No. 15 -0 ++, 80
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Figure Legend.

Figure 1. Immunohistochemical analysis of P7 antigen expression in primary breast cancer (A, v

B and C) and locally advanced breast cancer (D and F). P7 was detected on the cell
membranes and in the cytoplasm of breast carcinoma cells by peroxidase antiperoxidase
immunohistochemistry using monoclonal antibody, 1D7 (A and B). Only breast cancer cells
show immunostaining, not other cells in the breast tissue section, including stromal cells,
lymphocytes and/or macrophaggs _}(On'ginal‘ magniﬁg:ation, X100; _B, original magniﬁcatipn
XZOO). i3enign breast épifﬁelium 'in'c.:lvuding ductg' | and lobules (C) s'howed‘ no P7
immunostaining. P7 expression was increased in breast cancer cells with regard to both
staining intensity and percentage of tumor cells stained when immunostained before and after
radiation therapy and 5-fluorouracil chemotherapy were compared in women with locally
advanced breast cancer, indicating increased P7 expression following treatment (D and E,

before and after, respectively). Original magnifications, X200.

Figure 2. Western blot analysis of P7 expression in primary breast cancer with detergent-treated

breast tissue lysates (A) and methanol-extracted proteins (B). A. Both ovarian cancer cells
(lane 1) and primary breast cancer (lane 2) showed the 7 kDa band, but one P7 positive
breast cancer demonstrated by immunohistochemistry did not show the 7 kDa band (lane 3).
B. Biotinylated protein markers (lane 1) were run on the same gel with both ovarian cancer
cells (lane 2) and primary breast cancers (lanes 3 and 4). Note the p?esence of ‘the 7 kDa
band in all lanes, including the case (lane 4) that lacked a 7 kDa band in detergent lyéate.

Arrow indicates the 7 kDa band.
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